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ABSTRACT

The objective of the study was to study the protective effect of Zizyphus spina christi extract
(ZSC) on hepatic ischemia-reperfusion (I/R) injury in rats. Rats were randomly divided into
four groups.Ischemia /reperfusion (I/R) groups, were received p.o saline, p.o(ZSC) (400 mg/
kg) 60 min before surgery and rats were 1.P. injected with 30 mg/kg Bisphenol A diglycidyl
ether (BADGE) 30 minutes prior to administration of(ZSC). I/R caused increase level of liver
enzymes AST, ALT, ALP and LDH, also it increased level of proinflammatory mediators
TNF-a, NO, and MDA. Whereas I/R caused significant decrease on IL-10, SOD, and GSH.
The current study showed that ZSC extract protects liver against I/R since it increased
antioxidants, reduced liver enzymes and inhibited the inflammatory mediators. On the other
hand, injection of BADGE attenuates the effect of ZSC extract on the measured parameters.
The study indicates that ZSC exerts antioxidant and anti-inflammatory effect in ischemic
liver. This effect may be through the peroxisome proliferator-activated receptor-gamma

(PPAR y).

INTRODUCTION

Hepatic ischemia-reperfusion injury is
a kind of severe clinical pathophysiological
change, which is usually divided into the
ischemia period and reperfusion period. The
major pathophysiological manifestations in
the ischemia period only include the
structural changes in membrane potential
and metabolic acidosis caused by changes in
intracellular calcium ion concentration. But
changes in liver function are not significant,
and the damage is less severe. While in the
reperfusion period, injury is significantly
exacerbated. Liver function indices change
significantly, even giving rise to related
complications (Shaojun , 2013).

Moreover , it has been reported that,
hepatic I/R is a complicated multistep
antigen-independent event, which includes
kupffer cell activation, ROS generation,
lipid peroxidation, neutrophil infiltration,
increased expression of adhesion molecules,
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and cytokine release, as well as hepatocyte
damage (Zhang et al., 2007).

Several pharmacological studies have
been focused on the various species of
Zizyphus (Rhamnaceae) (Nunes et al., 1987;
Adzu et al., 2001; Borgi et al., 2007). The
species of Zizyphus indigenous to Tunisia, Z.
lotus, was tested for its anti-inflammatory
activity. Moreover, Borgi et al. (2007) have
reported that the aqueous and methanolic
extracts of Z. lotus root barks show a
significant anti-inflammatory effect in the
acute phase of the inflammatory process as
compared with NSAIDs products.

In accordance to Zizyphusspina-christ
(ZSC), a number of studies were done and
proved some pharmacological activities of
ZSC extract against some diseases that have
a great relation to inflammation, including
diabetes mellitus (Glombitza et al., 1994),
hepatic carcinogenicity (Abdel-Wahhab et
al., 2005) and hyperlipidemia (Hussein et
al., 2006), in addition to the traditional use
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of the plant in inflammation (Abdel-Zaher et
al., 2005).

From this point of view, it was
interesting to investigate the protective,
antioxidant, and anti-inflammatory effects
that ZSC ethanol extract may possess, taking
in consideration the similarity in the
chemical composition between the several
species of Zizyphus and the folkloric use of
ZSC.

MATERIALS and METHODS:
1. Animals:

Sixty-six adult male rats (180-250g;
Zagazig University, Zagazig, Egypt) were
used in the present study. All animals were
maintained under standard husbandary
condition with food and water. The
experimental procedures were approved by
the Institutional Animal Ethics Committee
of the Faculty of Pharmacy, Zagazig
University and animals were handled
following the International Animal Ethics
Guidelines, ensuring minimum animal
suffering.

2. Study protocol:

Animals were randomly divided into
four experimental groups (each containing
ten animals): sham, ischemia/reperfusion
(I/R) injury, ZSC extract (400 mg/kg) and
Bisphenol A diglycidyl ether (BAGE) with
ZSC extract. Sham group received saline
then anesthetized, the hepatic artery and
portal vein exposed but not occluded. Rats
of I/R group were anesthetized by i.p
injection of pentobarbital (50mg/kg) and
subjected to partial liver ischemia (70%)
followed by reperfsion. Ischemia was
induced by occluding branches of hepatic
artery and hepatic portal vein with bulldog
clamp. After 45 min of ischemia, the clamp
was removed to start reperfusion for 60 min.
ZSC was dissolved in gum acacia (8%) then
given orally as a single dose 60 min before
ischemia .BAGE was dissolved in DMSO
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(70%) then given ip 30 Dbefore
administration of ZSC. Blood was collected
from the retro-orbital plexus and centrifuged
(3000gx, 4°C, 20min) for separation of
serum. The obtained serum was used to
analyze liver enzymes and proinflammatory
cytokines.Thereafter, animals were Kkilled,
livers were separately dissected and blood
was washed off with cold saline then livers
were immediately flash frozen in liquid
nitrogen and kept at -80°c for measurement
of tissue parameters.

Plant material and extraction

Leaves of Zizyphus spina christi (L.)
wild were collected from plants growing in
the wvicinity of Zagazig city, Sharkya
governorate, Egypt. The plant was kindly
verified by Dr. Abdel Baset, Faculty of
Sciences, Zagazig University. A voucher
specimen was deposited at the Department
of Pharmacology, Faculty of Pharmacy,
Zagazig University.

About 1800g of the dried plant
materials were ground to a fine powder and
extracted with 70% EtOH in a percolator
(5Lx 3). The EtOH extract was concentrated
in vacuo to yield 185¢g of viscous dark green
residue.

Preparation of Zizyphus spina christi
extract

800 mg ZSC dissolved in 10 ml of 8%
Gum acacia

3. Determination of biochemical

parameters:

The serum alanine aminotransferase
(ALT), aspartate aminotransferase (AST)
level were measured using a colorimetric
method as described by Murry (1984) and
Young (1995), alkaline phosphatase (ALP)
level was measured using colorimetric
method as described by Young (1975) and
lactate dehydrogenase (LDH) level was
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measured using a fixed rate kinetic method
as described by Pesce (1984).

4. Determination of proinflammatory and
anti-inflammatory cytokines:

The TNF-a and IL-10 levelsin liver
was measured by ELISA according to
(Yan-Lian et al., 1994), using the Kit
provided by R & D system, USA.TNF-
a/IL-10 was mathematically calculated.

5. Determination of oxidative stress:

The generation of reactive oxygen
species in response  to hepatic
ischemia/reperfusion injury was determined
in liver tissues by the measurement of the
lipid peroxidation product
content,malondialdehyde  (MDA),reduced
glutathione (GSH) activity, Nitric oxide
content (NO) and superoxide dismutase
(SOD) activity. MDA was determined )
using the kit provided by Diamond
diagnostic, Egypt following the protocol
described by (Ohkawa et al., 1979),SOD
was measured using the kit provided by
Biodiagnostic, Egypt following the
protocol described by (Nishikimi et al.,
1972),where GSH was measured using the
kit provided by Biodiagnostic, Egypt
following the protocol described by
(Beutler et al., 1963) and NO was measured
using a colorimetric method as described by
Montgomery and Dymock (1961).

6. Drugs and chemicals:

Gum acacia was purchased from
El- Gomhouria Company; Cairo, Egypt,
Pentobarbital sodium was gifted from Faculty
of Faculty of Pharmacy, Zagazig University
Egypt, Dimethyl sulfoxide (DMSO) was
purchased from Fluca Sigma, Germany.
Leaves of Zizyphus spina christi (L.) wild were
collected from plants growing in the vicinity of
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Zagazig city, Sharkya governorate, Egypt and
BAGDE was purchased from Sigma, USA.

7. Statistical analysis:

Data were analyzed using computer based
fitting program (Prism, Graphpad 5). The
results expressed as mean values + SE were
compared between groups using one-way
analysis of variance (ANOVA) followed by
Newman-Keul’s post hoc test as post test.
Differences were considered to be statistically
significant when P < 0.05.

RESULTS:
1- Effect on liver enzymes

Compared with the sham group, 45
minutes ischemia followed by 1 hour
reperfusion resulted in a significant P
<0.05increase in serum AST, ALT, ALP and
LDH activities (776%, 675%, 436% and
594%, respectively). Pretreatment with ZSC
extract (400 mg/ kg orally) significant P <0.05
decrease in serum AST, ALT, ALP and LDH
(35%, 29%, 38% and 31% respectively)
compared to hepatic I/R rats.On the other
hand, pretreatment with BADGE (30 mg/kg)
30 minutes before administration of ZSC
extract resulted in a significant P <0.05
attenuation of the ZSC extract effects with
remarkable increase in serum AST, ALT, ALP
and LDH (235%, 278%, 198% and 257%
respectively) compared to ZSC extract alone
(Table 1).

2- Effect on inflammatory and anti-
inflammatory cytokines

As shown in table (2) induction of
hepatic I/R in rats showed a significant P<0.05
elevation ofinflammatory cytokine TNF-a by
748% and significant reduction in anti-
inflammatory mediators IL-10 by 15% as
compared with the sham group. Pretreatment
with ZSC extract (400 mg/ kg orally) produced
a significant P <0.05 decrease TNF-a by 27%
and significant elevation in serum IL-10 by
426% compared to hepatic I/R
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rats.Pretreatment with BADGE (30 mg/kg) 30
minutes before administration of ZSC extract
resulted in a significant P <0.05 attenuation of
the ZSC extract effects with remarkable
increase in TNF-a by 295% and significant
reduction in serum IL-10 by 34% compared to
ZSC extract.

3- Effect on oxidative stress

Table (3) demonstrated that induction of
hepatic I/R in rats showed a significant
P<0.05reduction in hepatic GSH (21%) content
and SOD (15%) content and significant P<0.05
increase in hepatic NO (426%) content and
MDA (668%) content as compared with the
sham group. While, Pretreatment with ZSC
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extract (400 mg/ kg orally) produced a
significant P <0.05 increase in hepatic GSH
(285%) content and SOD (378%) content and
significant lowering in hepatic NO (37%)
content and MDA (34%) content compared to
hepatic I/R rats. The pretreatment with
BADGE (30 mg/kg) 30 minutes before
administration of ZSC extract resulted in a
significant P <0.05 attenuation of the ZSC
extract effects showed a decrease in hepatic
GSH content by 45% and SOD content by 36%
compared to ZSC extract and significant
increase in hepatic NO content by 197% and
MDA content by 251% compared to ZSC
extract.

Table (1): The effect of hepatic I/R, oral administration of ZSC extract (400 mg/ kg) and I.P
administration ofBADGE (30 mg/kg) /ZSC extract (400 mg/ kg orally) on liver enzymes
(serum AST, ALT, ALP and LDH activities in rats):

Parameters Sham I/IR ZSC extract BADGE/ ZSC
AST (U/L) 235+084  1822+431  63.33+299  1493+226 ¢
ALT (U/L) 2233+135 150.7+4.32  43.67+1.78 121.5+1.317@
ALP (U/L) 4450+246 1943+546  74.67+2.81 148.0+1.18 7@
LDH (U/L) 28.83+1.25 171.3+4.22  53.33+296 137.5+1.127@

Data are presented as mean = S.E.M.

“Significantly different from control ischemic group at P< 0.05
@ significantly different from zisyphus treated group at P< 0.05

Table (2): The effect of hepatic I/R, oral administration of ZSC extract (400 mg/ kg) and I.P
administration ofBADGE (30 mg/kg) /ZSC extract (400 mg/ kg orally) on inflammatory
cytokines (TNF-a) and anti-inflammatory cytokines (IL-10) in rats.

Parameters Sham I/R ZSC extract BADGE/ ZSC
TNF-a (pg/ml)  23.22+1.26  173.6 +5.08 46.93+3.62° 1386+101°°
IL-10(pg/ml) 1225+523  19.05+1.31 81.23+356 27.60+059°

Data are presented as mean + S.E.M.

“Significantly different from control ischemic group at P< 0.05
@ significantly different from zisyphus treated group at P< 0.05
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Table (3): The effect of hepatic I/R, oral administration of ZSC extract (400 mg/ kg) and
I.P administration ofBADGE (30 mg/kg) /ZSC extract (400 mg/ kg orally) on liver oxidative

stress ( SOD, GSH, NO and MDA) in rats.

Parameters Sham I/IR ZSC extract BADGE/ ZSC
GSH (umol/g)  2.87 £0.12 0.608 + 0.03 1.73+0.05" 0.777+£0.01 ¢
SOD (U/g) 12.47+0.534 1.882+0.092 7.123+0.282° 2.630 +£0.057 @
NO(umol/g) 10.27 +0.459 4357 +2.506  16.03+0.718" 31.60 £0.679°°
MDA(nmol/g)  5.43+0.330  36.35+2.467 12.28+0.630° 30.75+0.952" @

Data are presented as mean + S.E.M.

“Significantly different from control ischemic group at P< 0.05
@ significantly different from zisyphus treated group at P< 0.05

DISCUSSION:
The present study aimed to investigate
the protective, antioxidant, and anti-

inflammatory effects of ZSC ethanol extract
against hepatic I/R in rats. In addition, the
present work tried to explore the possible
mechanisms of action of ZSC. Another
interesting target was to investigate the
implication of PPAR-y receptor in ZSC
actions.

Hepatic ischemia/reperfusion (I/R)
injury is one of the main causes of hepatic
damage and is inevitable after hepatic
surgery, liver transplantation, shock, and
trauma (Huguet et al, 1994; Lemasters and
Thurman, 1997). Hepatic I/R is an
intentional procedure which is applied
during liver surgery to minimize bleeding of
this bloody organ during surgery. Hepatic I/R
leads to an acute inflammatory response,
causing significant hepatocellular damage
and organ dysfunction (Akahori et al.,
2007).

In the present model, hepatic I/R was
induced by clamping the branches of the
hepatic artery and hepatic portal vein
supplying the left lateral and median lobes (
about 70% of the area of the liver) for 45
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minutes followed by one hour of
reperfusion. This model has been widely
used in different studies (Farmer et al.,
2002; Arii et al., 2003).

Results of the present study reveal
strong and promising antioxidant activity of
ZSC extract against hepatic I/R injury. ZSC
extract was administered in a dose of 400
mg/kg orally 60 minutes prior to induction
of ischemia. Although no sufficiently long
treatment regimen was applied, ZSC extract
showed strong antioxidant property. This
was demonstrated by significant (P<0.05)
increase of antioxidant enzymes, SOD
activity (378%) and GSH content (285%) in
the liver tissues as well as significant
(P<0.05) reduction in NO (37%) and MDA
(34%) contents in the liver tissues compared
to the control I/R group. This antioxidant
capacity of ZSC extract maintained the
integrity of the cell membranes which in
turn, significantly (P<0.05) decreased the
leakage of liver ALT, AST , LDH and ALP
(35%, 29%, 38% and 31% respectively),
compared to the control I/R group , to blood
circulation. This antioxidant activity could
be related to the presence of flavonoids
content of ZSC extract as reported by Kim et
al. (2004). In addition to that, the anti-lipid
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peroxidase effect of ZSC has been proposed
as one of the possible mechanisms for its
protective  actions  against  ischemia
reperfusion injury to the liver.

Our results are in accordance with
Chen et al. (2010) who suggested that
pretreatment with an extract of ZJ, which
shows high antioxidant effects, significantly
attenuated the I/R-induced liver injury by
significantly attenuated blood levels of
alanine  transaminase = (ALT), lactic
dehydrogenase (LDH), oxygen radical (OH),
and nitric oxide (NO).

These results also are in agreement
with the findings of Amin and Ghoneim
(2009) who found that, oral administration
of ZSC resulted in a significant amelioration
of liver injury judged by the reduced
activities of serum ALT and AST.
Moreover, ZSC has also restored normal
levels of malondialdehyde and retained
control activities of endogenous antioxidants
such as SOD, CAT and GSH. Studies on the
antioxidant properties of flavonoids from
various plant extracts reveal their
stimulatory action on antioxidative enzymes
(Nagata et al., 1999; Sreelatha et al., 2009).
Taken together; these findings indicate that
ZSC exerts a protective effects against liver
I/R injury, possibly through its antioxidant
action.

Among natural antioxidants present in
the body are, GSH, SOD and catalase. SOD
provides a defense strategy against the
potentially  damaging  reactivities  of
superoxide radical anion (O;") in cells
through catalyzing the dimutation of two O,
to H,O, (Halliwell and Gutteridge, 1990).
Reducedglutathione (GSH) acts directly as a
free radical scavenger by neutralizing free
radicals such as HO’, restores damaged
molecules by hydrogen donation, reduces
peroxides and maintains protein thiols in the
reduced state (Navarro et al., 1999).
Catalase is a major hydrogen peroxide
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detoxifying enzyme also utilizes NADPH,
which protects the protein from inactivation
by its substrate H,O, (Gaetani et al., 1989;
Gaetaniet al., 1994).

Nitric oxide (NO) is recognized as a
mediator and regulator of inflammatory
processes. A significantly increased amount
of NO synthesized by inducible nitric oxide
synthase (iNOS) participates in provoking
inflammatory process and acts
synergistically with other inflammatory
mediators (Aktan, 2004).

For the expression of INOS, the
mammalian cells should be triggered by
specific ~ stimulants, such as  pro-
inflammatory  cytokines and  bacterial
lipopolysaccharide (Chesrown et al., 1994).
Suppression of INOS is believed to be
closely linked with the anti-inflammatory
action. Therefore, inhibition of INOS
activity or down-regulation of INOS
expression represented as lower amounts of
NO may be beneficial to reduce the
inflammatory response. It can be noticed
that, there is an inhibitory action of the ZSC
extract on NO release; this may suggests
that the anti-inflammatory mechanism of
action may be at least in part due to NO
inhibition. This suggestion is in harmony
with our suggestion that NO release from
macrophages model to evaluate the anti-
inflammatory activity of the ZSC 70%
ethanolic extract leaves.

The effect of ZSC extract on NO
release may be due to the flavonoidal
contents of the extract including quercetin,
since Kim et al., (2004) has been reported
that, using LPS /cytokine-treated
macrophages or macrophage-like cell lines,
some Vvarieties of flavonoids including,
apigenin, luteolin and quercetin were found
to inhibit NO production.

On the other hand, it was shown in the
present investigation that, the pretreatment
with ZSC extract 60 minutes prior I/R
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produced a significant (P<0.05) reduction in
TNF-o (27%) and significant (P<0.05)
increase in IL-10 (426%) in serum compared
to the control I/R group, giving another
evidence on the anti-inflammatory
properties of ZSC extract may has, that can
be mediated through its inhibitory effect on
TNF-a release. Interleukin-10 (IL-10) is a
potent anti-inflammatory cytokine that
inhibits the synthesis of pro-inflammatory
cytokines by  T-helper  lymphocytes,
monocytes and neutrophils (Moore et al.,
1993). Moreover, Yoshidome et al. (1999)
demonstrated  that, intravenous IL-10
injections after hepatic I/R protected against
the liver damage by suppressing NFkB
activation and subsequent expression of pro-
inflammatory mediators. The results of the
present study also supported by other reports
of Aeii et al. (2003) and Montalvo-Java et
al. (2008).

It seems likely that, the anti-
inflammatory activity of ZSC extractinvitro
is probably due to the presence of the
flavonoids, quercetin as reported by Shahat
et al. (2001) and rutin as stated by Brantner
and Males (1999), since a study done by
Lanni and Becker (1985) showed that
quercetin was repeatedly found to inhibit
phospholipase A, (PLA;) from several
sources. It inhibited PLA2 from rabbit
peritoneal neutrophils with an IC50 of 57 —
100 M. Moreover, it was found by
Wadsworth and Koop (2001) that quercetin
can inhibit iINOS expression and thus
possesses anti-inflammatory property. This
suggestion is in  confirmation  with
Wadsworth et al. (2001) who stated that;
quercetin has inhibitory properties against
TNF-a induction from LPS-induced RAW
cells.

Furthermore, this study investigated the
probable role of PPAR-y in mediating ZSC
extract protection against hepatic I/R-induced
damage. This was achieved by comparing the
protective capacity of ZSC extract in presence
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and in absence of PPAR-y antagonist,
BADGE. BADGE was administered i.p. 30
minutes prior to ZSC extract administration in
a dose of 30mg/kg in order to completely
block PPAR-y. It was found that
administration of BADGE prior
administration of ZSC extract significantly
(P< 0.05) attenuated the action of ZSC extract.
These outcomes may suggest that ZSC may be
acting in part through activating PPAR-y in
the liver.

In conclusion, depending on the
results obtained from the present study, it
seems likely that, ZSC extract the ZSC-
mediated protection against liver injury may
be due to the antioxidant and inflammation.
Further studies are currently underway to
characterize the detailed mechanism of
action of ZSC in an attempt to introduce it
as a reliable option for treating liver fibrosis.
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